We present a criterion for multiparticle entanglement based on covariance matrices. On the one hand, the criterion allows to detect bound entangled states which are not detected by other criteria; on the other hand, some strongly entangled pure states such as the GHZ states are not detected. We show, however, that this is a general phenomenon: No separability criterion based on two-particle correlations can recognize the entanglement in the family of graph states, to which the GHZ states belong.
I. INTRODUCTION
The presence of quantum correlations in physical states gives several advantages in performing certain tasks. For instance, entangled states are used in quantum key distribution protocols, serve as a resource in measurement based quantum computation and provide insights into fundamental questions about quantum mechanics [1, 2] .
Consequently, many efforts have been undertaken to characterize entanglement. As a first step, one usually tries to prove inseparability of a given state. In case the state is entangled, one may further attempt to estimate the amount of the entanglement in the state. For bipartite systems, entanglement criteria based on covariance matrices have turned out to be powerful tools for detecting and quantifying entanglement [3] [4] [5] [6] .
In this paper, we present an entanglement criterion based on covariance matrices for multipartite entanglement. Our criterion is a generalization of the covariance matrix criterion (CMC) derived in Ref. [4] to the multipartite setting. We show that the multipartite CMC is in some cases a strong criterion, detecting bound entanglement in thermal states of spin models, which is not detected by other commonly used criteria. Surprisingly, some pure highly entangled states like Greenberger-Horne-Zeilinger (GHZ) states are not detected by the multipartite CMC. However, this turns out to be a quite general phenomenon coming from the locality of the observables used in the covariance matrices. In particular, we show that all two-particle correlations of graph states (a family of highly entangled multi-qubit states that is important for many applications [7] ) are compatible with a fully separable state. Consequently, no separability criterion, which uses only the information gained from the two-party reduced density matrices can detect graph state entanglement. This proves that not only the multipartite CMC cannot detect graph states, but also optimal spin squeezing inequalities [8] , entanglement witnesses based on two-particle Hamiltonians [9] or structure factors [10] or criteria based on magnetic susceptibility measurements [11] will fail to do that. A previously noted result in this direction is that the entanglement of linear cluster states, which constitute a subset of graph states, cannot be detected by spin squeezing inequalities [12] .
Our paper is organized as follows. In Sec. II we will first recall the basic notions of covariance matrices and of the bipartite CMC. Then, we present the multipartite generalization of the CMC and discuss its evaluation. For multi-qubit systems, one can evaluate the criterion via semidefinite programming and for tripartite systems we present an analytical approach. In Sec. III we consider examples of states that are detected by the multipartite CMC. We first consider pure three qubit states, and then bound entangled thermal states in spin models. It turns out that of these states the multipartite CMC detects a larger subset than the optimal spin squeezing inequalities. In Sec. IV we show that the two-particle correlations in any connected graph state with more than two qubits are indistinguishable from the correlations of some fully separable state. Finally, we conclude and discuss further research directions.
II. GENERAL CRITERION AND ITS EVALUATION
We begin this section by recalling the definition of the covariance matrix (CM) for the bipartite case and stating the covariance matrix criterion (CMC) for two parties. This will serve as a fundament for the generalization on three parties, which can be easily generalized to any number of parties.
A. The bipartite CMC
Let us start with the definition of CMs and some basic facts about the CMC. A detailed description can be found in Ref. [5] . Definition 1. Let ̺ be some quantum state acting on the Hilbert space H and let {M k } be a set of observables. Then, the covariance matrix γ of the state ̺ is a real and symmetric matrix, given by the entries
In what follows we will write γ kl instead of γ kl (̺), since it is usually clear which quantum state is considered. The CMC for the bipartite case formulated in Refs. [4, 5] makes use of a block form of the CM. The block structure of the CM arises naturally if one considers only local observables:
Definition 2. Let ̺ = ̺ AB be a bipartite quantum state defined on the Hilbert space
Then the covariance matrix of the state ̺ AB has a block structure
where A and B are CMs of the reduced states and the matrix C kl = A k ⊗ B l − A k B l contains the correlations between the subsystems. For product states ̺ = ̺ A ⊗ ̺ B the matrix C vanishes.
Up to now, we did not specify the observables which are used in our approach. In the following, we will always assume that the observables A k (and similarly B k ) are an orthonormal basis of the corresponding operator space. This means that they fulfill T r(A i A j ) = δ ij ; for example, if Alice has a qubit, one can take
The later results are, however, independent of which basis of observables has been chosen.
Let us now formulate the general CMC, which has already been derived in Ref. [4] . This will make the generalization on the multipartite case more clear.
Proposition 3 (Bipartite CMC). Let γ AB be a block CM of a bipartite separable state ̺ AB . Then there exist pure states |ψ k in H A and |φ k in H B and probabilities
holds. This means that the difference between left and right hand side must be positive semidefinite. If there are no such κ A,B then the state ρ must be entangled.
One can extend this criterion, by looking for the largest t, such that γ AB (̺ AB ) ≥ tκ A ⊕ κ B holds. Then, for separable states this inequality is fulfilled for t = 1, while for entangled states it can happen that only smaller values are allowed. This parameter t can then be used for a quantification of entanglement by giving lower bounds on the concurrence, for details see Ref. [6] .
A central difficulty in this criterion is the characterization of the possible κ A,B : How is it possible to guarantee that no κ A,B exist? For this problem, however, several results have been obtained. Consequently, the CMC has been shown to be a strong criterion for bipartite entanglement: It detects many bound entangled states, contains several known criteria as corollaries, and, with the help of local filtering operations, it is necessary and sufficient for two qubits [4, 5] .
B. The multipartite CMC
Let us now start with the generalization of the CMC to multipartite systems. We formulate our conditions for tripartite systems, but the generalization to more parties is then straightforward. First, in analogy to Definition 2 we consider a CM of a tripartite state ̺ ABC by using only local observables. By doing so we arrive at the definition of the block CM for tripartite quantum states: Definition 4. Let ̺ = ̺ ABC be a tripartite quantum state defined on the Hilbert space H A ⊗ H B ⊗ H C and
servables. Then the covariance matrix of the state ̺ ABC has a block structure
where A, B, and C are CMs of the reduced single particle states and the matrices D kl = A k ⊗ B l − A k B l etc. contain the correlations between the subsystems.
Similar to the bipartite case, one can easily see that for any fully product state ̺ = ̺ A ⊗ ̺ B ⊗ ̺ C the matrix γ takes a block-diagonal form. Hence, using the concavity property of the CMs we arrive at the generalization of the CMC on the tripartite case:
Theorem 5 (Tripartite CM). Let ̺ be a fully separable tripartite state. Then there exist states |φ 
If no such matrices κ α exist, the state is entangled.
Proof. The proof is similar than for the bipartite CMC [4] . Any fully separable state can be written as
where the {p k } form a probability distribution. Using now the concavity property of the CMs, stating that
) and the fact that for the product states γ is block diagonal proves the claim.
While the multipartite CMC is easy to prove, the complicated part is again its evaluation: How can we exclude that the κ α exist? In the next paragraphs we present two strategies to do that. Firstly, for multi-qubit systems, one can resort to semidefinite programs (SDPs) and formulate the problem of searching over all possible κ α as a feasibility problem [13] . Secondly, one can deduce computeable criteria from the positivity semidefiniteness of the matrix in Eq. (5).
C. Evaluation of the multipartite CMC for qubits using SDP
For qubits, the positivity test in Eq. (5) can be formulated in a simple way as a special instance of an efficiently solvable SDP, namely as a feasibility problem. This is true for any number of qubits, but cannot be easily extended to higher dimensional systems.
In order to do so we first note that in the case of qubits one can give an exact characterization of κ α . Let us assume that the used observables are
Then, as one can directly check, the first row and column (correspond-
2) of the single-qubit CM vanishes. So the criteria can effectively be formulated with 3 × 3-matrices κ. These matrices were completely characterized in Ref. [5] in terms of vectors in Ê 3 :
Lemma 6. For any vector |φ ∈ Ê 3 a matrix of the form (½ 3 − |φ φ|)/2, is a valid CM of some pure single qubit state. Consequently, if Alice owns a qubit the set of valid κ A is given by all matrices of the form
where ρ A is a real 3×3 matrix with trace one and positive eigenvalues.
Moreover the characterization of κ for one qubit provided by the last Lemma is exhaustive in the following sense:
Lemma 7. Consider the CMC condition for three qubits, γ ≥ κ A ⊕ κ B ⊕ κ C . Then, there exist positive matrices X A , X B and X C such that T r(X A/B/C ) = 1 and γ ≥ X A ⊕ X B ⊕ X C if and only if there exist valid κ A/B/C that fulfill the CMC condition.
Proof: The sufficiency is given by the last Lemma; clearly, the κ A/B/C can be directly used as X A/B/C . On the other hand, suppose we have found such matrices X A/B/C . We know, that the κ i s for qubits must have a special form, namely κ i = 1 2 (½ 3 − ρ i ). Since the X i satisfy the condition γ ≥ X A ⊕ X B ⊕ X C and γ has eigenvalues less or equal than Using the last two Lemmata we can formulate the CMC for the three-qubit case in the following form:
If the maximal t is larger or equal one, then the state is not detected by the CMC, but if the above maximization has a solution only for t < 1 then the state is detected by the CMC and is therefore entangled. The problem in Eq. (8) can be readily re-written as a semidefinite program (SDP). Such a problem can directly be solved using packages like SEDUMI or YALMIP [13] . The above formulation is a simplification of a similar formulation for two qubits derived in Ref. [5] . Note that the solution of Eq. (8) directly allows to determine the parameter t, so the result might be used for further quantification. Finally, note that the SDP can be directly extended to test the multipartite CMC for more than three qubits. Furthermore, if higher dimensional systems are considered, one can also test the CMC via a SDP (since the κ i are always nonnegative and have a fixed trace [5] ), however, this is not an exhaustive characterization of the κ i and the SDP is therefore weaker than the original CMC.
The multipartite criterion evaluated by the SDP detects many interesting bound entangled states, which examples will be discussed in the next section. For the time being we discuss a method of analytical evaluation of the tripartite CMC.
D. Analytic test of non-separability of tripartite states
In contrast to the previous approach, the analytical method works only for the tripartite case, but it is not restricted to qubits.
What are the possible corollaries of the non-negativity of the block matrix in Eq. (5)? First of all, we know that all submatrices of this matrix have to be non-negative. As we learn from the bipartite case [5] , the strategy of considering submatrices leads to a quite strong and easily computable separability criterion. In order to investigate whether a tripartite state is fully separable or not, it is then natural to consider 3 × 3 submatrices of the CM in the block form. To do this, we need the following fact which is true for any real 3 × 3 non-negative matrix:
is also a positive matrix.
This Lemma is an example of a norm compression inequality and the proof is given in the Appendix. Using this property of 3 × 3 non-negative matrices we can prove a proposition, which gives us an easily computable separability test for tripartite states:
(11) Here, d ij , e ij , f ij , are the elements of the blocks D, E, F in Eq. (4), respectively.
Proof. Since γ − κ A ⊗ κ B ⊗ κ C is nonnegative, all 3 × 3 submatrices are positive. So we consider the matrices
Applying now Lemma 8 and summing over all i gives the claim, if we use in addition the fact that T r(κ α ) = d − 1 for α = A, B, C, shown in Ref. [5] .
III. EXAMPLES
In this section we consider some examples for the previously derived criteria. We will first consider random pure three-qubit states, and then thermal states in spin models, which may be bound entangled.
A. Random three-qubit states
In order to test the performance of the derived entanglement criteria we first investigate three qubit pure states. According to Ref. [14] any three-qubit state can be brought by local unitary transformations into a generalized Schmidt form,
Varying the real parameters λ i and φ one obtains different families of entangled states. Proposition 9 detects almost all of these entangled three-qubit states: Choosing the Pauli matrices as observables and the parameters λ i is uniformly distributed between 0 and 1, whereas θ uniformly distributed between 0 and π, one is able to detect 100% of the randomly generated states. However, Proposition 9 fails to detect entanglement is the case of GHZ states, |GHZ = (|000 +|111 )/ √ 2. Nontheless, even a small perturbation of the GHZ state avoids this problem, e.g., the state
is detected, here N denotes the normalization.
In order to test whether this is an issue of the Proposition 9 or whether is a property of the general CMC as stated in Theorem 5 we used the first strategy and evaluated the general criterion with an SDP. The SDP detects also 100 % of the randomly generated states (in both cases 10 4 instances were tested), but it also fails to detect GHZ states.
This phenomenon can be explained as follows: In the CMC as in Theorem 5 uses only one-and twopoint correlations (i.e. expectation values like σ , as only the former appear in the block structure of the CM. However, considering only one and two-point correlations, it is impossible to distinguish |GHZ GHZ| from fully separable state (|000 000|+|111 111|)/2, as for both states the reduced one-and two-particle density matrices are the same.
As we will see in Sec. IV this is not an exceptional case. Any state in the large class of graph states, which also contains the GHZ states, cannot be distinguished from a fully separable state by considering one-and two-particle correlations. This does not only affect the multipartite CMC, but it also means that these states can never be detected by other approaches like spin squeezing inequalities [8] , or witnesses based on two-body Hamiltonians [9] or structure factors [10] .
B. Entanglement in thermal states
Now we discuss thermal states of spin models and investigate their entanglement properties using the approach of Eq. (8) and Proposition 9.
In Ref. [15] it has been shown that thermal states of spin models with a small number of spins can have interesting separability properties. This has been investigated frequently with spin squeezing inequalities [8, 16] 
where the vectors { n k } k are orthonormal. Then one defines the matrices
Given these matrices, a separable state fulfills [16] :
where N is the number of spin-1 2 particles. If one of these inequalities is violated, the state must be entangled. Moreover, if only the averaged two-particle correlations are known, then in many situations these inequalities are the strongest entanglement criteria possible, in the sense that for any state that fulfills these criteria, there is indeed a separable state with the same C, Γ and χ [16] .
The thermal states, which were considered in Refs. [8, 15, 16] , are the thermal states of the Hamiltonian
where
. This Hamiltonian describes three spin- 
represent a two-parametric family of density matrices. Using the spin-squeezing inequalities one can find regions in the T-h diagram where all thermal states have a positive partial transposition (PPT) with respect to any bipartition (and therefore do not violate the PPT criterion [17] ), but the spin squeezing inequalities show that the state is not fully separable. For h = 0 and certain temperatures the thermal state is even separable with respect to any bipartition, but not fully separable [8, 16] . As a first example, we can test our general criterion Eq. (5) via semidefinite programming for these thermal states. It turns out, that the multipartite CMC detects exactly the same amount of the states as the spin squeezing inequalities. This can be understood as follows: On the one hand when the spin-squeezing inequalities are applied to spin models, then usually Eq. (16) detects the entanglement. This inequality, however, can be seen as derived from local uncertainty relations for special observables [8, 11] . On the other hand, the bipartite CMC is known to be equivalent to local uncertainty relations with arbitrary observables [4] and this connection clearly holds for the multipartite case. So it is not surprising that for this spin model, the CMC is not weaker than the spin squeezing inequality.
However, slightly changing the Hamiltonian (19) gives rise to yet another family of the states with two parameters, for which the comparison of three criteria (PPT, Spin Squeezing and CMC) shows that the CMC criterion can detect some states that are not detected by the PPT criterion or the spin squeezing criteria. This change of the Hamiltonian consists in changing of the direction of one of the local magnetic fields, therefore destroying the spatial symmetry of the Hamiltonian
Detection of these states by the CMC via Proposition 9 or the SDP in Eq. (8) is presented in Fig. 1 . As expected, the Proposition 9 is weaker than the SDP. The detection of the PPT criterion and the spin-squeezing inequalities is presented in Fig. 2 . Part (a) corresponds to the PPT criterion. Here we characterize states by taking the maximum of three values of the negativity corresponding to three different bipartitions [18] . Part (b) corresponds to the detection of these states by the spin squeezing inequalities. Comparing Fig. 2(a) and Fig. 2(b) one sees that spin squeezing inequalities are able to detect bound entanglement. More importantly, however, by comparing Fig. 1(b) with Fig. 2(b) one sees that the CMC detects more states than the spin squeezing inequalities, which one sees looking at the region of the plots where kT ∼ 7, h ∼ 12. However, the CMC detects better not only bound entangled state, an example of a bound entangled state, which is not detected by spin squeezing inequalities but violates the CMC is a thermal state with parameters kT = 5.533, h = 4.3. Note that this is not a contradiction to the optimality of the spin squeezing criterion for some cases, since the CMC does not only use the averaged two-point correlations.
IV. ENTANGLEMENT IN GRAPH STATES AND TWO-PARTICLE CORRELATIONS
In Section III A we have seen that the multipartite CMC is unable to detect the entanglement in a threequbit GHZ state. The reason was that the CMC involves only two-particle correlations and that the GHZ state (|000 + |111 )/ √ 2 and the fully separable state (|000 000| + |111 111|)/2 have the same reduced twoparticle density matrices, hence the two-particle correlations are the same.
In this section we will show that this observation is not a coincidence. We will consider the family of graph states (defined precisely below) which comprises not only the GHZ states, but also other states like cluster states, and which is of eminent importance for many applications and experiments [7] . We will show that for any connected graph state of three or more qubits there is a fully separable state, which has the same one-and two-qubit reduced density matrices. Hence, graph state entanglement can never be detected by measuring two-particle correlations only, and this is not only a restriction to the multipartite CMC, but also to a variety of other entanglement criteria.
More precisely, we will prove:
Theorem 10. Let |G be a connected graph state with more than two qubits. Then, there exists a fully separable state ̺ G such that for any pair of qubits {i, j} the corresponding two-qubit reduced density matrices of |G G| and ̺ G coincide,
Moreover, ̺ G has also the same one-particle reduced density matrices, (16)- (18) . Comparing this with Fig. 1(b) for values kT ∼ 7, h ∼ 12 we immediately see that the CMC for three qubits detects more states than the spin squeezing inequalities. These states violate, however, the PPT criterion as well. One finds an example of a bound entangled state, which is not detected by spin squeezing inequalities, but is detected by the CMC for the following values of parameters kT = 5.533, h = 4.3.
Here and in the following, we use the definitions ̺ i (A) = T r I\i (A) and ̺ ij (A) = T r I\i,j (A), where A is an operator acting on the Hilbert space of all N qubits, and I is the set all particle indices. In a slight abuse of the usual notation, we use the same definition below even in situations where A, and hence ̺ i and ̺ ij , are no quantum states.
The point of this theorem is that many entanglement criteria use only two-particle correlations for the entanglement detection. Consequently, these criteria must fail to recognize the entanglement in graph states:
Corollary 11. Consider a graph state of three or more qubits. Then, the entanglement cannot be detected using the following criteria: (a) the multipartite CMC from Eq. (5), (b) the optimal spin squeezing inequalities [8] , (c) entanglement witnesses based on two-body Hamiltonians [9] , and (d) entanglement witnesses based on structure factors [10] or inequalities using the magnetic susceptibility [11] .
Before proving the Theorem, let us give a short definition of graph states, for a broader discussion see Ref. [7] . Consider a graph with N vertices and some edges connecting them. We are only interested in connected graphs which do not separate into two unconnected parts. For any vertex i we can write down an operator
where here and in the following, X i , Y i , and Z i denote the Pauli matrices acting on the i-th qubit and N (i) is the neighborhood of i, that is, all vertices that are connected with i. The graph state |G is now defined as the unique N -qubit eigenstate of all the g i ,
The graph state is not only an eigenstate of the g i , but also of their products. All products of the g i form a commutative group with 2 N elements, the so-called stabilizer S(G). Using the elements of the stabilizer, we can also write the graph state as
This relation will be useful in our proof, which can be split into three parts: Firstly, we will distinguish the different cases where ̺ ij is not the identity. Secondly, we will investigate in detail what kind of reduced states ̺ ij (|G G|) can occur. Finally, we will see that there exists a measurement of the type M =
} which allows to compute all twoparticle correlations of the state |G and consequently all ̺ i (|G G|) and ̺ ij (|G G|). For such a measurement, however, there is always a separable state giving the same results as the graph state.
Part I -Let us start by characterizing all one-and two-particle reduced density matrices. First, note that for a connected graph one always has ̺ i (|G G|) = ½/2.
This can be seen from Eq. (25). For most of the S k ∈ S(G) (which are products of the g i ) we have ̺ i (S k ) = 0 since they act non-trivially on qubits besides i. Since
½. Furthermore, we can only have ̺ i (S k ) = 0 and
½ if there is a correlation operator with the property g i = X i . This, however, cannot occur in a connected graph.
Let us now turn to the reduced two-qubit density matrices. As above, we find for most of the stabilizing operators that ̺ ij (S k ) = 0. Consequently for most of the qubit pairs {ij} we have that ̺ ij (|G G|) is completely mixed, i.e., ̺ ij (|G G|) = ½/4. However, as already discussed in Ref. [19] , there are three exceptions, see also Fig. 3 . These exceptions occur if some S k acts non-trivially only on two qubits i and j. For these pairs {ij} there are three possibilities:
(a) Qubit i has only one neighbor j [N (i) = j], which is coupled to the rest of the graph. Note that there is no symmetry in interchanging the qubits i and j. Then we have
(b) The qubits i and j are not connected but have the same neighborhood [N (i) = N (j)], which is connected to the rest of the graph. This case is symmetric in i and j. The reduced state is
(c) The qubits i and j are connected and have the same neighborhood otherwise which is connected to the rest of the graph. DefiningN (i) = N (i)\{j} andN (j) = N (j)\ {i} this means thatN (i) =N (j). This case is also permutation symmetric. We arrive at
Part II -Let us now discuss the relations between the three cases above. Especially, we would like to investigate in which cases one particle can contribute to two or more cases. (v) For a pair {i a , j a } of case (a), the qubit i a may also appear in a case (b). The qubit j a cannot appear in a case (b) or (c), but it may also appear in another case (a) pair {ĩ a ,j a } but only asj a . Proof. The first part just follows from the previous points. For the last part, one may consider the example in (v), there, the second (middle) qubit takes part in two different cases (a). It is clear, that j a cannot beĩ a for some other case (a), unless we have a two-qubit graph.
(vi) For a pair {i b , j b }, both i b and j b can take part in another pair of case (b). In analogy, for a pair {i c , j c }, both i c and j c can take part in another pair of case (c These are all interesting cases we have to consider. In summary, this proves the following: A single qubit k can only take part in two different cases {i, j} and {m, n}, if the nontrivial Pauli matrix contributions from ̺ ij and ̺ mn in Eqs. (26, 27, 28) have the same Pauli matrix on the qubit k. For instance, in property (iv), if k = i a = i b , then in Eqs. (26, 27) both Pauli matrices on qubit j have are the same, namely X k . The same is true for the property (v), here, when k = j a =j a , the Pauli matrix is Z k . If (vi) occurs, then the observable will be X k in case (b) and Y k in case (c).
This implies that for an arbitrary graph with more than three qubits, we can choose a fixed observable 
which is constructed for a special graph state |G . This observable has 2 N eigenvectors (which are product vectors) and measuring this observable results in 2 N probabilities, which can be labeled by the possible results ±1 for the N qubits. In order to do this, we introduce a vector α where the entry α k is equal to 0 if the result on qubit k is +1 and equal to 1 is the result on qubit k is −1. We denote the eigenvectors by | α . Note that they are product vectors | α = ⊗ k |α k defined by O (k) |α k = (−1) α k |α k . With this notation, we can write the expectation value of the observable M G as M G = α (−1) k α k p α , where p α = | α|G | 2 . Further, from the measurement probabilities p α , it is possible to compute all non-vanishing two-point correlations of the graph state |G , since they are, as mentioned above, of the type O (i) O (j) , where both O (i) and O (j) appear in the observable M G .
However, the fully separable state ̺ fs = α p α | α α| with exactly the same probabilities p α will reproduce all the non-vanishing two-body correlations of the graph state. In fact, it also reproduces the vanishing ones: Let us assume for simplicity that M G = Z ⊗N . Then, the state ̺ fs can be chosen such that it will reproduce all correlations (also vanishing two-body correlations or the non-vanishing higher order correlations) of the graph state in the basis defined by M G = Z ⊗N . Other twobody correlations, such as X i Y j , will vanish for the graph state. However, we can expand ̺ fs in terms of tensor products of Pauli matrices as This implies, that for ̺ fs the two-body correlations (and also higher correlations) in a different basis than M G = Z ⊗N vanish. All in all, the fully separable state ̺ fs has the same one-and two-qubit correlations than the graph state, so the reduced density matrices must be the same.
V. CONCLUSION
In conclusion, we have derived a generalization of the covariance matrix criterion to the multipartite case. We have seen that the resulting criterion is strong, but some highly entangled states are not detected. This is, however, an example of a more general phenomenon, which is that no criterion based on two-particle correlations can detect graph state entanglement.
There are several ways to extend our results in the future. First, one can aim to develop a criterion based on covariance matrices for the detection of genuine multipartite entanglement. The present criterion can only exclude full separability. Second, one can try to connect the entanglement parameter t in the formulation of the multipartite CMC in Eq. (8) with multiparticle entanglement measures, similarly as it has been done in for the bipartite CMC [6] . Finally, it would be interesting to gain further insight into the question which types of entanglement can be verified by two-particle correlations and which not. This question is also experimentally relevant, since in some experiments only two-particle correlations can be measured.
